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ABSTRACT
The research presents the development and validation of a
robust RP-HPLC (Reversed-Phase High-Performance Liquid
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Received: 16 May 2024 Chromatography) method for the simultaneous estimation of
ggci_epted + 20 June 2024 Indapamide and Nebivolol in pharmaceutical formulations.
10.48047/AFIBS.6.13.2024.444-462 Utilizing an Agilent system with an auto sampler, Gradient

System DAD Detector, and a C;g column, the method
employed a mobile phase consisting of 35% Methanol and
65% water with 0.1% TFA. The detection was performed at a
wavelength of 257 nm with a flow rate of 1.1 ml/min, resulting
in retention times of 5.316 minutes for Indapamide and
7.467 minutes for Nebivolol. Method validation was conducted
following ICH guidelines, covering parameters such as
linearity, precision, range, and robustness. The results
confirmed that the method is simple, accurate, precise,
economical, and replicable. This newly developed RP-HPLC
method proves to be suitable for routine quality control
analysis of Indapamide and Nebivolol in bulk drugs and their
formulations, ensuring no interference during simultaneous
determination.
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Introduction

Analytical chemistry is a pivotal field focused on the quantitative examination of the
composition of substances and complex materials across diverse matrices[1].This
examination is accomplished by quantifying a physical or chemical characteristic of a
distinguishing constituent of the components of interest. Analytical procedures are
categorized based on the attribute of the analyte being measured, and one of the most
significant applications of this field is pharmaceutical analysis[1].

The proliferation of analytical instruments today has resulted in what may seem like a
confusing array of acronyms, yet these tools collectively contribute to a Holistic field
[1].The precision of analytical procedures should be tailored to be as necessary for the
purpose, rather than as feasible. Analytical methods are broadly classified into instrumental
and chemical methods. Instrumental methods encompass dimensions such as light
wavelength and intensity, fluorescence, resistivity, and electrode polarity. Chemical methods,
on the other hand, involve measurement using gravimetric or volumetric approaches to
determine the mass of the analyte [3].

The importance of analytical techniques cannot be overstated, as they are crucial for
maintaining and ensuring high substance standards, serving as key components of quality
assurance and quality control. In the realm of pharmaceutical analysis, a variety of
instrumental approaches are employed to achieve these goals [4].

Pharmaceutical analysis is an essential component of pharmaceutical sciences. Within this
domain, research analysts bear significant responsibilities, as outlined by [4].These
responsibilities include:

- Developing analytical techniques for the product’s components including raw materials,
active ingredients, and chemical intermediates [5].

- Creating methods for the selective analysis of drugs, Formulation ingredients, breakdown
products, and impurities, as well as identifying degradation products, degradation pathways,
and the degree of deterioration under various storage conditions[8].

- Establishing analytical methods for micro and semi-micro quantities of drugs and their
metabolites in biological systems[11].

This paper aims to explore the diverse analytical techniques employed in pharmaceutical
analysis, highlighting the critical role they play in ensuring the quality and efficacy of
pharmaceutical products [12,13].The discussion will encompass separation techniques,
spectrometric techniques, and other relevant analytical methodologies, providing a
comprehensive overview of current practices and advancements in the field [15]
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Fig.No.1. Structure of Nebivolol
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Fig.No.2.Structure of Indapamide

Chromatographic behavior of Indapamide and Nebivolol
Table No.l1: Chromatographic Behavior of Indapamide and Nebivolol Mobile phase of
Various Compositions.

Retention Time

Sr No. (min)
Mobile Phase Remark
IDP NBV
. Methanol+ Water TFA 0.1 %(80:20 | oo | Merge  peak
) % v/v) 0.7ml 257 nm ' Observed
b Methanol+ Water TFA 0.1%(70:30 1705 |1.837 No Sharpe
% v/v) 0.7ml 257 nm
peak
3 Methanol + Water TFA 0.1%(60:40 1760 11.935 No Sharpe
% v/v) 0.7 ml 257 nm peak
Methanol + Water TFA 0.1%(50:50
4 1.740 [1.913 No Sharpe
0 v/iv) 0.7 ml 257 nm peak
Methanol + Water TFA 0.1%(35:65
5 5.523 [1.874
% v/v) 0.7 ml 257 nm Sharpe peak
Materials and Methods

Instrumentation and Software:
HPLC Agilent Tech. Gradient System with Auto injector

Software: Chemstation
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Materials and Reagent:
Nebivolol, Indapamide, Orthophopsphoric acid (OPA), Methanol, Water.

Preparation of Solutions:

Preparation of std. Indapamide solution: ( Stock I')

Take 0.1-0.5 mL of the freshly prepared standard stock solution (150 pg/mL) and transfer it
to a 10 mL volumetric flask. Fill up to the 10 mL mark with the mobile phase to obtain a
final concentration of 1.5-7.5 pg/mL [18].

Preparation of std. Nebivolol solution: ( Stock II')

Take 0.1-0.5 mL of the freshly prepared standard stock solution (500 pg/mL) and add it to a
10 mL volumetric flask. Adjust the volume to 10 mL with the mobile phase to achieve a final
concentration of 5-25 pg/mL [18].

Preparation of std. Indapamide and Nebivolol solution :( Stock III)

Take 0.1-0.5 mL from the freshly prepared standard stock solutions of Indapamide (5
png/mL) and Nebivolol (25 pg/mL) and transfer to separate 10 mL volumetric flasks. Dilute
to the final volume with the mobile phase to achieve a concentration of

1.5-7.5 pg/mL for Indapamide and 5-25 pg/mL for Nebivolol [18].

Selection of mobile phase

The mobile phases underwent vacuum degassing and were filtered through a 0.45 pm
membrane filter. Following this, the mobile phase was allowed to equilibrate until a stable
TFA baseline was achieved. A series of tests with various individual solvents and solvent
combinations were conducted using a standard solution of Indapamide and Nebivolol to
determine the best conditions for separation and stable peak formation. The Methanol and
Water (0.1% TFA) mobile phase was selected due to its effectiveness in producing sharp,
well-resolved peaks with appropriate symmetry and reproducible retention times for
Indapamide and Nebivolol [19]. The chromatograms are shown in Table No: 1 [20,21].

Result and DiscussionsPreliminary trials:

The observed initial trials using methanol and 0.1% TFA in the ratio of 35:65 at 257nm. As
mention in table 1 trial 1 to 5 where unaccepted due to several reasons and the accepted trial
with obtained sharp peak was 5.
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S Mobile Detecti Injection |[Run
" hase ratio jon volume  [time Result
No. |Column used P Flow rate Conclusion
wavele
ngt h
i - Methanol Singl
Agilent ‘e ane . mete Method
13(150mm  x with  0.1% o) I/min R0 ul B min  peak was unaccepted
1 4 6mm, Spm) [TFA (80:20) 57 nm 0.7 ml/min 20 p observed P
Agilent  C-|Methanol Method
) Merge
18(150mm xwith 0.1% unaccepted
2 U4 6mm, Sum) [TFA (70:30)[257 nm 0.7 ml/min R0 pl 8 min [peak was
’ ' observed
Acilent C-18 Methanol
grient ©-18 ith  0.1% K Method
(150mm  x , . [Pea
3 TFA 257 nm (0.7 ml/min 20 pl 8 min . _[unaccepted
4.6mm, Spum) 60:40 separatio
(60:40) n  was
not
observed
i _Methanol Peak
Agilent C .e ano i Method
18(150mm x With  0.1% . . separatio naccented
4 4 6mm, Sum) [TFA (50:50) 257 nm 0.7 ml/min 20 pl gmin |,  wasl p
not
observed
Separati
Agilent  C-Methanol on  and Method
18(150mm xwith 0.1% ‘ 10 min Sharpe  jaccepted
5 U.6mm, Sum) [TFA (35:65)2>7 nm |l ml/min 20 pl peak
were
obtained
Method development

The validation of the method adhered to the guidance of the ICH. Various validation parameters
were assessed; including linearity, accuracy, precise and its limit of detect and quantify [21].

Optimized chromatographical conditions

Optimized chromatographical conditions and typical chromatogram were presented in Table 3
and Figure 3.
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Table.No.3:The final chromatographic conditions selected were as follow:

Parameters Conditions

Instrumentation Water HPLC with auto sampler and DAD detector
Injected volume 20l

Mobility phase Methanol: 0.1% TFA (35:65)

Column Agilent C18 (150 mm x 4.6 mm, 2.5 um)

Flow rate Iml/min

Run time 15 minutes

Separation mode Isocratic mode

DAD1 A, Sig=257 4 Ref=360,100
mAU

80+

60

40

20

J:"} 7.379 - NEBIVOLOL

o
|

J

|

|

[

|

|
] 5.269 - INDAPAMIDE
|

Figure No.3: Chromatogram of standard Combination of Indapamide and Nebivolol.
Calibration experiment

RP-HPLC Method :

Analysis of the calibration data via linear regression revealed a linear correlation between
the peak areas and concentrations for Indapamide (1.5-7.5 pug/mL) and Nebivolol (5-25
pug/mL). The calibration data are shown in Table No: 3 for Indapamide and Table No: 4 for
Nebivolol. The obtained linear equations were y = 7.286x - 0.441 for Indapamide and y =
10.58x + 0.085 for Nebivolol, where x is the concentration and y is the peak area. The
correlation coefficient for both analytes was 0.999. The calibration curves for both
compounds are depicted in Fig No: 3 and Fig No: 4.
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Table No.3 :Linearity data for Indapamide

Average
Peak .
Conc eak area(uV.sec) peak area f;Di( of % RSD
ng/ml (uV.sec) | 2 of Peak
Area
Method 1 ") Area
1.5 10.241 10.7136 [10.4773 03342  [3.1895
- 3 21.1586 21.0293 P21.0940 (0.0914  |0.4334
HPLC W5 32.0412 33.6466 [32.8439  [1.1352  [3.4563
Method |6 43.3752 432435 143.3093  [0.0931  [0.2150
7.5 54.0414 54.0005 [54.0210  0.0289  [0.0535
Equation y =7.286X+0.441
R2 0.999
INDAPAMIDE
60.0000
50.0000 ) y=7.2868x-0.4417
o 40.0000 e e Re=09%97
E 30.0000
'&? 20,0000 ‘/ # Seriesl

/ —— Linear (Series1)
10.0000

0.0000

0 2 4 6 8
Axis Title

Fig.No.4 :Calibration curve of Indapamide

The RP-HPLC method yielded the linear equation y = 7.286X + 0.441 for Indapamide, where
x is the concentration and y is the peak area. The correlation coefficient for this relationship
was 0.999. The calibration curve for Indapamide is shown in Fig. No. 4.
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Table No.4 : Linearity data for Nebivolol

Average
Conc Peak area(uV.sec)  eak area f)Dk \ of|% RSD
pg/ml (uV.sec) [ CACAT e peak
Method 1 b Area
5 53.3366 51.616 52.4763 1.2166 2.3185
RP 10 105.4405 [105.8331 |105.6368 |0.2776 0.2628
HPLC 15 155.5924 [159.8164 |157.7044 [2.9868 1.8939
Method 120 2110795 P10.7351 109073 02435  0.1155
25 264.5112 264.3617 [264.4365 (0.1057 0.0400
Equation y = 10.58x + 0.085
2 0.999
NEBIVOLOL
300.0000
250.0000 Fad y =10.58x - 0.0854
200.0000 / R?=0.9999
2 .
= 150.0000 9/
% / # Seriesl
< 100.0000 _ _
£0.0000 / Linear (Series1)
0.0000 : : .
0 10 20 30

Axis Title

Fig.No.5 :Calibration curve of Nebivolol

The RP-HPLC method yielded a linear equation for Nebivolol as y=10.58x+0.085y = 10.58x
+ 0.085y=10.58x+0.085, where xxx represents the concentration and yyy denotes the peak
area. The correlation coefficient was found to be 0.999, and the calibration curve for
Nebivolol is shown in Figure 5.
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Analytical of Method Validation:
1. Linearity:

From the Indapamide standard stock solution, various working standard solutions (1.5-7.5
pg/ml) were prepared in the mobile phase. Similarly, from the Nebivolol standard stock
solution, different working standard solutions (5-25 pg/ml) were prepared in the mobile
phase. A 20 pl sample of each solution was injected into the chromatographic system using a
fixed volume loop injector, and chromatograms were recorded. The area for each
concentration was documented (Table.5). The calibration curves are depicted in Figures 6
and 7.

Table No.5: Linearity of Indapamide

Concentration pg/ml Area Indapamide
1.5 10.4773
3 21.0940
4.5 32.8439
6 43.3093
7.5 54.0210
INDAPAMIDE
60.0000
50.0000 /‘ y=7.2868x -0.4417

/ R?=0.9997
40.0000 /
30.0000
/ % Seriesl
20.0000
/ — Linear (Series1)
10.0000

0.0000 T T T "

Axis Title

Axis Title

Fig No.6 : Calibration graph of Nebivolol for HPLC method
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Page 453 of 19

Regression Equation Data Y=mx+c

Slope(m) 10.58 X
Intercept(c) 0.085
Correlation Coefficient 0.999

The linearity of Indapamide and Nebivolol was observed in the concentration ranges of 1.5-
7.5 pg/ml and 5-25 pg/ml, respectively. The detection wavelength used was 257 nm (Tables
7 and 8). The plot should be linear and pass through the origin, with the correlation
coefficient not being less than 0.999, as concluded in Table 6.

2. Accuracy:

Recovery studies were conducted to validate the accuracy of the developed method. To a pre-
analyzed tablet solution, a known concentration of standard drug (80%, 100%, and 120%)
was added, and its recovery was then analyzed (Table 8). Statistical validation of the

recovery studies is shown in Table 9.
Table No.8: Result of Recovery data for Indapamide and Nebivolol

Amt. Amt.
Level ltaken |Amt. area Mean* .= .4 |%Recovery
Drug (%) |ug/ml Added [ Mean Mean *+
METHOD (ng/ml (S, 18D, S.D.
2.6+0.006
80% |15 12 1.19+0.006  99.35+0.52
4
3.00+0.00 100.130.1
100% 1.5 1.5 1.5+0.0028
DP ) S
3.32+0.00 101.14+0.3
120% |15 1.8 1.81+0.006
RP- 68 7
HPLC 8.98+0.00 99.74+0.03
80% 5 4 3.98+0.001
Method 1 0
0%k . 9.97+0.00  0720.001 99.4839+0.
0 . TU.
NBV 01 02
10.9620.0
120% |5 6 5.96+0.001  [99.50+0.32
16

*mean of each 3 reading for RP-HPLC method
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Table No.9 : Statistical Validation of Recovery Studies Indapamide and Nebivolol

Level of Mean Standard
tandar
Recovery (%) Drug %o Deviation* % RSD
METHOD
Recovery
IDP 99.35 0.5221 0.52
0% NBV 09.74 0.03 0.030
IDP 100.13 0.18 0.183
Rp-HPLC 100% NBV 09.48 0.002 0.002
IDP 101.14 0.374 0.3705
Method
120% NBV 99.50 0.322 0.3240

*Denotes average of three determinations for RP-HPLC.
The accuracy of the RP-HPLC method was confirmed through recovery studies performed at
different concentration levels (80%, 100%, and 120%). The percentage recovery was found
to be within the range of 98-102% (Table 8).

3. System Suitability Parameters (Repeatability):

To ensure the resolution and reproducibility of the proposed chromatographic system for the
estimation of Indapamide and Nebivolol, system suitability parameters were evaluated. The
results are presented in Table 10.

Table No.10: Repeatability studies on RP-HPLC for Indapamide and Nebivolol

Concentration of Amount found|% Amount
Sr.No.
IDP (mg/ml) Peak area (mg) found
1 6 143.47441
3.30 100.040
2 6 143.1161
Mean 43.30
SD 0.2534
% RSD 0.169
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Concentration of Amount %  Amount
Sr.No.
NBV (mg/ml) Peak area found (mg) [found
1 3 209.06781
210.48 99.80
2 3 211.8890
Mean 210.48
SD 1.99
% RSD 0.16

Repeatability studies on RP-HPLC method for Indapamide and Nebivolol was found to
be,The %RSD was less than 2%, which shows high percentage amount found in between
98% to 102% indicates the analytical method that concluded .(Table No.10)

4. Precision:

The method was established by analyzing various replicates standards of Indapamide and
Nebivolol. All the solution was analyzed thrice in order to record any intra-day & inter-day
variation in the result that concluded. The result obtained for intraday is shown in
(Table No.11) respectively.

Table No. 11: Result of Intraday and Inter day Precision studies on RP-HPLC for
Indapamide and Nebivolol.

Intraday Precision Interday Precision
Conc"
Drug  [M&/mD % Amt % Amt
METHOD Mean+ SD Found Mean+ SD Found
3 21.68+£096  [102.10  [21.4245.65 100.9
Rp- 4.5 32.17+0.11 99.92 32.35+0.28 100.54
IDP
HPLC 6 43.25+0.54 100.75  #43.01+0.14 09.61
METHOD
10 105.55£0.96 {100.25  [105.44+45.65 100.11
NBV 15 161.51+0.80 {102.16  [161.02+2.73 101.85
20 209.37+0.17 |100.00  210.92+1.87 100.01

*Mean of each 3 reading for RP-HPLC method
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Intraday and interday precision studies on the RP-HPLC method for Indapamide and
Nebivolol demonstrated high precision, with % amounts ranging between 98% and 102%.
This indicates that the analytical method is reliable Table 11.

5. Robustness:

The robustness of the method refers to its ability to remain unaffected by small deliberate
changes in experimental conditions. To evaluate the robustness of the proposed method,
deliberate variations were made in the optimized method parameters, including changes in
mobile phase composition, flow rate, and wavelength. The effects of these changes on the
retention time and tailing factor of the drug peak were studied by varying the mobile phase
composition (£1 ml/min), flow rate (£1 ml/min), and wavelength (+1 nm) from the optimized
chromatographic conditions. The results of the robustness studies are shown in (Tables
12,13). The robustness parameters were found to be satisfactory, confirming the reliability of
the analytical method.

Table No.12: Result of Robustness Study of Indapamide

Amount of

Parameters Conc.(ng/ detected(mean

ml) +SD) % RSD
Chromatogram of flow change 0.9 ml 7.5 54.55+0.45 0.83
Chromatogram of flow change 1.1 ml 7.5 56.91+£0.30 0.53
Chromatogram of comp change 34

7.5 71.0£0.13 0.18
Methanol +66 Water
Chromatogram of comp change 36

7.5 72.50+0.49 0.68
Methanol+ 64 Water
Chromatogram of wavelength 256nm 7.5 47.3+0.08 0.16
Chromatogram of wavelength 258nm 7.5 56.94+0.10 0.17

6. Robustness Study of Indapamide:

In the robustness study for Indapamide, changes were made to the flow rate (+1 ml/min) and
pH of the mobile phase composition. The %RSD for the peak area was calculated and found
to be less than 2%, indicating that the method is robust. The results are presented in Table 12,
confirming the reliability of the analytical method.
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Cone Amount of
onc.(n
Parameters o/ml) detected(mean %0 RSD
+SD)

Chromatogram of flow change 0.9 ml 25 225.97+0.36 0.16
Chromatogram of flow change 1.1 ml 25 250.79+1.13 0.45
Chromatogram of comp change 34

25 297.4+1.28 0.43
MEOH +66 WATER
Chromatogram of comp change 36

25 273.13+0.64 0.23
Methanol+ 64 WATER
Chromatogram of wavelength 256nm 25 238.9+1.92 0.81
Chromatogram of wavelength 258nm 25 281.96+0.39 0.14

7. Robustness Study of Nebivolol:

In the robustness study, variations were introduced in the flow rate (=1 ml/min) and pH of the

mobile phase composition (+1 unit). The %RSD for peak area was calculated and found to be
less than 2%, indicating that the analytical method is robust. These results are summarized in
(Table 57), affirming the reliability of the method.

Limit Detection

The LOD is the lowest limit that can be detected. Based on the S.D. deviation of the response
and the slope The limit of detection (LOD) may be expressed as:

LOD = 3.3 (SD)/S

Where, SD = Standard deviation of Y intercept S = Slope

Limit of detection = 3.3 X 0.13/7.320= 0.0586 (ng/mL)

Limit of Quantitation = 10 X 0.13/7.320= 0.1775 (ug/mL)

The LOD and LOQ of Indapamide was found to be 0.0586 (ug/mL) and 0.1775 (ug/mL),

analytical method that concluded.
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Limit Quantification

The LOQ is the lowest concentration that can be quantitatively measured. Based on the S.D.
deviation of the response and the slope,
The quantitation limit (LOQ) may be expressed as:

LOQ =10 (SD)/S

Where, SD = Standard deviation Y intercept
S = Slope

Limit of Detection = 3.3X0.82/10.56=0.2582 (ng/mL)
Limit of Quantitation = 10 X0.82/ 10.56=0.7765 (ug/mL)

The LOD and LOQ of Nebivolol was found to be 0.2582(pg/mL) and 0.7765(pug/mL),
analytical method that concluded.

Analysis of tablet formulation:

Procedure:

Weigh a combination of Indapamide and Nebivolol and calculate the average weight.
Accurately weigh and transfer a sample equivalent to 1.5 mg Indapamide and 5 mg
Nebivolol into a 10 ml volumetric flask. Add approximately 10 ml of methanol as the
diluent, sonicate to completely dissolve the sample, and make up the volume to the mark
with the diluent. Mix well and filter through a 0.45 um filter. Then, pipette 0.4 ml of this
stock solution into a 10 ml volumetric flask and dilute to the mark with diluent to obtain a
final concentration of 4.5 + 15 pg/ml. The chromatograms for the test solution of
Indapamide and Nebivolol are shown in Figures 10 and 11. The amounts of Indapamide and
Nebivolol per drop were determined by extrapolating the peak areas from the calibration
curves. The analysis procedure was repeated five times with the tablet formulation, and the
%RSD for the % label claim was calculated. The results are presented in Table 14.

Brand Name: Nebula-D
Total weight of 20 Tab Powder wt. = 0.389 gms

Avg Powder Weight = 1947 gms./Tab Eq.Wt
for 5 mg=5x19.47/5=19.47 mg
Take 19.47 mgs in 10 ml Methanol i.e= 150+500 pgm/ml
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DAD1 A, Sig=257.4 Ret=360.1

oLl

mAU |

———=7532- INDAPAMIDE

Fig No.9: Chromatogram for Marketed Formulation.

DADT A, 5ig=257 4 Rei-360.100
mau ]

80

60

20+

T 7.487-NEBIVOLOL
-

S
Vs 5329 - INDAPAMIDE

{

4

Fig No.10: Chromatogram for Marketed Formulation.

Table No.14: Analysis of marketed formulation.

L) % Lable
Aassy rug conc Amt.Found Claim SD % RSD
DP 45 32.4338 1007128 0.041  [0.1694
Rp- HPLC NBV IS 14.9655 99.7670  0.9405 [0.9473
Method i,y 5 32.4501 1007622 0.0412 10.0169
99.8194
NBV  [I5 14.9729 0.940  [0.947

The analysis of the marketed formulation showed % label claim values within the range of
98-102%, which is considered satisfactory. This conclusion is presented in Table 14.
8. Ruggedness:

Ruggedness refers to the degree of reproducibility of test results obtained from the analysis of
the same sample under various conditions, such as different analysts, laboratories, or
instruments.
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DAD1 A, Sig=257,4 Ref=360,100
mAU

80

60—

40+

20|

=7.350- NEBIVOLOL

5259 -INDAPAMIDE

ﬁj: =

Fig No.11: Chromatogram for Analyst-1 (4.5+15 mcg)

DAD1 A, Sig=257 4 Ref=360,100

mAU

80+

60

404

207

= 7.423 - NEBIVOLOL

= 5,293-NDAPAMIDE

Fig No.12: Chromatogram for Analyst-1I (4.5+15 mcg )

Table.No.15: Analysis of Analyst-1 (4.5+15 mcg)

Drug name [R.T AREA TH.PLATES SYMM

Analyst-I 5.263 32.8954 8963 0.82

(IDP) 5.293 32.0012 9452 0.83

Analyst-1I 7.340 155.89562 10236 0.79

( NBV) 7.423 160.8963 10563 0.83
Conclusion

A simple, rapid, accurate, and precise RP-HPLC method, along with a spectrophotometric
method, has been developed and validated for the routine analysis of Indapamide and
Nebivolol in both API and formulation. Both methods are effective for the simultaneous
determination of Indapamide and Nebivolol in multi-component formulations without
interference. These developed methods are recommended for routine and quality control
analysis of these drugs in two-component pharmaceutical preparations. The results obtained
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from the proposed methods were in excellent agreement with the label claims of the
formulations. Additionally, the standard deviation and coefficient of variation values were
satisfactorily low, demonstrating the methods' suitability for routine estimation of tablet
dosage forms.
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